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和终止子（alcohol dehydrogenase terminator，ADHt）的质粒 pGADT7 为模板，
通过 PCR 克隆得到 ADHp 和 ADHt。分别将 xyl1 和 xks1 与乙醇脱氢酶启动子、
终止子重组，使两者置于酵母组织型强表达启动子 ADHp 的控制下表达，得到
ADHp-xyl1-ADHt 和 ADHp-xks1 -ADHt。并将 xyl2 组入酵母表达载体 pMA91 磷
酸甘油激酶强启动子（phosphoglycerate kinase promoter，PGKp）下，筛选得
到正向阳性克隆子，经 HindⅢ酶切得到 PGKp-xyl2-PGKt。三个基因分别置于
PGKp 和 ADHp 控制下表达，使 xyl2 表达量略高于 xyl1、xks1，可以在一定程
度上减少木糖醇的积累，增加乙醇产量。 
以酵母整合型载体 YIp5 为出发质粒，分别将 ADHp-xyl1-ADHt、PGKp-xyl2 
-PGKt 和 ADHp-xks1 - ADHt 插入到 YIp5 的 EcoRⅠ、HindⅢ和 BamHⅠ位点，
筛选正向阳性克隆子，获得的重组质粒 YIp5-3。 
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Abstract 
Fuel ethanol is regarded as one of the most promising environment 
friendly fuel in the future. Lignocellulose is the most abundant renewable 
organic resource on the earth. Conversion of cellulosic biomass into ethanol 
would not only reduce the cost of production but also helpful to decrease the 
pollutant produced by consumpation of gasline. Ethanol fermentation from 
xylose is the foundation and the key step for cellulosic ethanol. However, most 
natural microorganisms lack the ability to ferment xylose into ethanol. So, it’s 
critical to enhance the capability of yeasts ethanolic xylose fermentation by 
gene engineering.  
PCR Primers were designed using oligo and Primer premier 5 procedures.  
Xylose reductase gene (xyl1) was cloned from Candida shehate. Xylitol 
dehydrogenase gene (xyl2) was cloned from C. tropicalis H-1. Xylulokiase 
gene (xks1) was cloned from Saccharomyces cerevisiae BJ3505. Sequence  
analysis results showed that no intron existed in three genes. 
The alcohol dehydrogenase promoter ADHp and alcohol dehydrogenase 
terminator ADHt were cloned from plasmid pGADT7. In order to increase 
ethanol production and reduce xylitol production, xylose reductase gene and 
xylulokiase gene were expressed under the control of the ADH. Xylitol 
dehydrogenase gene was expressed under the control of the PGK. To obtain 
the ADHp-xyl1-ADHt and ADHp-xks1 -ADHt fragment, the xyl1 and xks1 was 
ligated with the ADHp and ADHt. Plasmid pMA91-xyl2 was constructed by 
ligating the xyl2 with plasmid pMA91. The orientation of the xyl2 gene was 
verified by restriction enzyme digestions. The xyl2 gene under the control of 
PGK promoter was excised from pMA91-xyl2 with HindⅢ, yielding the 
PGKp-xyl2 -PGKt fragment . 
To obtain the plasmid YIp5-3, the ADHp-xyl1-ADHt, ADHp-xks1-ADHt and 
PGKp-xyl2-PGKt fragment were ligated at the EcoRⅠ, HindⅢ and 
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restriction enzyme digestions. 
Thus, the integrating plasmid YIp5-3 contains xyl1, xyl2 and xks1 genes 
which require for ethanolic xylose fermentation was constructed, and the 
further work is undergoing. 
 
 
Key words: Saccharomyces cerevisiae; Xylose-metabolism; Fuel ethanol; 
































燃料乙醇发展的关键技术之一。在全球每年光合作用生产的高达1500 亿 t∼2000 
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表 1-1 木糖发酵菌种 
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有木糖醇脱氢酶（xylitol dehydrogenase， XDH）作用生成木酮糖，XR 和 XDH
分别需要 NADPH 和 NAD+作为辅酶。（2）在某些细菌和低等真菌中，木糖通过
木糖异构酶（xylose isomerase，XI）催化，直接转化为木酮糖。木酮糖经过木
酮糖激酶（xylulokinase，XK）磷酸化生成 5-磷酸木酮糖，进而进入磷酸戊糖途
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脱氢酶脱羧还原为乙醇；或是通过 TCA 循环及呼吸链彻底氧化成 CO2[6]。 
 
 
图 1–1 微生物发酵木糖产乙醇的主要代谢过程 




C6H12O6                2C2H5OH + 2CO2                         





















图 1–2 酵母菌木糖代谢途径（包括含木糖异构酶的工程菌）[7,15] 
Fig.1–2 Overview of the xylose metabolic pathway found in yeasts 
including the engineered xylose isomerase (XI) reaction 
 
   在酵母的木糖代谢途径中，木糖首先跨膜进入细胞质[7]，然后在一系列的酶
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Pathway，PPP）再生成 3－磷酸甘油酸（G3P）和 6－磷酸果糖（F6P），二者




表 1–2 不同重组酿酒酵母的木糖发酵性能[7] 
Tab.1–2 Performance of naturally occurring yeasts in the production 
of ethanol and xylitol from xylose in batch fermentation experiments 








pRD1 XYL1/XYL2 AN C 21.7 0.01 0.07 0.46 
TJ1 XYL1/XYL2 AN C 50 0.05 0.02 -0.60 
1400(pLNH32) XYL1/XYL2/XKS1 AN C 80 0.34 0.28 0.06 
1400(pLNH32) XYL1/XYL2/XKS1 AN C 50 0.3 NS 0.08 
H158 XYL1/XYL2 AN M 80 0 0 0.53 
H158 XYL1/XYL2 AN C 80 0 0 0.66 
G-104/YEpPGK XYL1/XYL2 L M 80 0.064 NS 0.62 
G-XDHXR-S XYL2-XYL1(short linker) L M 80 0.066 NS 0.22 
G-104/XDHXR-S XYL1/XYL2,XYL2-XYL1(short 
linker) 
L M 80 0.077 NS 0.55 
H158-pXks XYL1/XYL2/XKS1 AN D 80 0.22 NS 0 
H158-pXks - AN C 80 0.27 NS 0.03 
CEN.PK-pXks XYL1/XYL2/XKS1 AN D 80 0.16 NS 0.25 
CEN.PK-pXks XYL1/XYL2/XKS1 AN C 80 0.21 NS 0.36 
H1693 XYL1-XYL2(integrant) A C 50 0 NS 0.28 
H1693 - Micro C 50 0 NS 0.68 
H1693 - AN C 50 0.03 NS 0.47 
H1691 XYL1-XYL2(integrant)/XKS1 A C 50 0.06 NS 0.06 
H1691 - Micro C 50 0.12 NS 0.42 
H1691 - AN C 50 0.09 NS 0.41 
TMB3250 XYL1/XYL2/XKS1 AN D 50 0.3 0.21 0.3 
TMB3251 XYL1/XYL2/XKS1/low PG1 AN D 50 0.34 0.24 0.21 
TMB3001 XYL1-XYL2(integrant)/XKS1 AN D 50 0.31 0.22 0.29 
TMB3008 XYL1/XYL2/XKS1/△gnd1 AN D 50 0.38 0.27 0.13 
TMB3225 XYL1/XYL2/XKS1/△zwf1 AN D 50 0.41 0.29 0.05 
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